Anomalous origin of the left coronary artery from the pulmonary artery (ALCAPA) is a rare coronary artery anomaly and double right coronary artery (RCA) is a very rare coronary anomaly. Because patients with ALCAPA usually die within 1 year of being born due to myocardial infarction (MI) and heart failure, ALPACA is very rarely seen in adults. Here, we report an extremely rare asymptomatic case of MI, presumably caused by ALCAPA and double RCA, and provide a review of the literature. This is the first reported case of coronary artery anomaly that had both ALCAPA and double RCA. (Korean J Med 2019;94:215-220) 
INTRODUCTION
Anomalous origin of the left coronary artery from the pulmonary artery (ALCAPA) is a very rare congenital coronary artery anomaly in adults because of the high mortality rate within 1 year of birth [1] . Adult ALCAPA may be asymptomatic, but it can cause myocardial infarction (MI) or sudden cardiac death [2] . Double orifice right coronary artery (RCA) is also among the rarest coronary anomalies, and it may occur in isolation or combined with other anomalies [3, 4] . However, there has been no previous report on the combination of double RCA and ALCAPA complicated by MI. Here, we report an extremely rare asymptomatic case of MI caused by ALCAPA and double RCA, and also provide a review of the literature.
CASE REPORT
A 54-year-old male presented with an electrocardiographic (ECG) abnormality incidentally detected during a preoperative evaluation for spinal surgery. The patient had been completely A myocardial perfusion scan was done to evaluate myocardial viability and revealed a non-viable infarction in the left anterior descending (LAD) artery territory, including the mid to apical septum and anterior wall (Fig. 2) . Computed tomography (CT) coronary angiography (CAG) revealed a markedly dilated LAD artery originating from the main pulmonary artery (PA) and left circumflex coronary artery (LCx) originating from the left coronary cusp of the aorta (Fig. 3A) . Two large dilated RCAs with two separate ostia originating from the right coronary cusp of the aorta were also noted (Fig. 3B) . Multiple collateral channels between the RCA and LAD were detected (Fig. 3C ). A B C Figure 3 . Computed tomography coronary angiography reveals the anomalous origin of the markedly dilated left anterior descending (LAD) coronary artery from the main pulmonary artery (PA), and left circumflex coronary artery from the left coronary cusp of the aorta (Ao) (A). Two large dilated right coronary arteries (RCAs) with the two separate ostia originating from the right coronary cusp of the aorta are shown (B). Multiple collateral channels between the RCA and LAD are also noted (C). -219 -LAD through the collateral channels from the LCx, before finally draining into the main PA ( Fig. 4B and 4C ). The right CAG revealed two dilated RCAs with two separate ostia arising from the right coronary cusp of the aorta, and the LAD was sequentially visualized from the distal to proximal LAD through multiple collateral channels between the LAD and both RCAs, before finally draining into the main PA (Fig. 5 ). Systolic and diastolic PA pressures were normal. Oxygen set-up was noted at the level of the main PA (O2 saturation 69.9% in the right ventricle and 78.5% in the main PA), and the estimated pulmonary (Qp) to systemic flow (Qs) ratio was 1.4. Corrective surgery was recommended, but the patient opted for medical therapy, including a beta-blocker, an angiotensin-converting enzyme inhibitor, and aspirin because of lack of symptoms.
DISCUSSION
With the widespread use of multimodality cardiovascular imaging, including multi-detector CT CAG, the prevalence of coronary artery anomalies has been increasing and was reported to be 1.9-2.3% in recent studies [5, 6] , i.e., higher than in the era of conventional CAG [7, 8] . Congenital anomalies of the coronary artery may be associated with other congenital abnormalities of the heart and/or functional abnormalities, such as myocardial ischemia, valvular disease, or heart failure, which result in increased mortality [1, 7] . ALCAPA is a rare congenital coronary artery anomaly, and the proportion of patients who undergo cardiac CT with ALCAPA is about 0.05% [6] . There are many differences in clinical presentations and prognosis between pediatric and adult cases of ALCAPA. Pediatric ALCAPA usually presents with heart failure or MI, which is associated with high mortality [1] .
In contrast, as in the present case, adults with ALCAPA are typically asymptomatic and have a favorable prognosis; thus, they are diagnosed incidentally during imaging studies for other purposes [1, 9] .
Adult ALCAPA may be associated with malignant ventricular arrhythmias and subsequent sudden cardiac death, even if the patient has been asymptomatic [1, 2] ; thus, close monitoring and medical therapy for myocardial ischemia or heart failure should be done, particularly for patients with MI. Regarding the pathophysiology of myocardial ischemia, as pressure decreases in the pulmonary circulation and flow reverses in the left CA, the left CA fails to supply the myocardium and drains oxygenated blood into the main PA. Myocardial ischemia results from the coronary steal phenomenon, in which a left to right shunt leads to decreased LV perfusion [1] . In the present case, an old MI was incidentally detected by echocardiography during the preoperative evaluation for non-cardiac surgery. Because CAG did not show atherosclerotic obstructive coronary stenosis, the decreased myocardial perfusion by ALCAPA was likely the cause of the old MI in this patient.
The treatment of choice for ALCAPA is corrective surgery [1] . Because continuous left to right shunting may increase LV infarct size, thus promoting the development of heart failure or sudden cardiac death, surgical correction of ALCAPA was recommended for this patient. However, the patient refused surgery and selected medical therapy because of the lack of symptoms.
Guideline-derived medical therapy for asymptomatic LV dysfunction, including a beta-blocker and angiotensin converting enzyme inhibitor was initiated, and the patient has been asymptomatic without any clinical events over a 2-year clinical follow-up.
Double RCA is also very rare, with an incidence of 0.01% in the era of CAG and 0.07% in patients who underwent cardiac CT [4] . In the present case, double RCA was also detected on CT CAG and conventional CAG. This is the first case of a coronary artery anomaly with both adult ALCAPA and double RCA complicated by a silent MI.
Double RCA is known to be a benign disease with no hemodynamic significance, but some authors have suggested that it may be associated with increased atherosclerotic changes in coronary arteries resulting in myocardial ischemia and angina [4] . 
